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ABSTRACT
We present a catalogue of low surface brightness (LSB) galaxies in the Coma cluster obtained
from deep Subaru/Suprime-Cam V and R-band imaging data within a region of ∼4 deg2. We
increase the number of LSB galaxies presented in Yagi et al. (2016) by a factor of ∼3 and
report the discovery of 29 new ultra-diffuse galaxies (UDGs). We compile the largest sample
of ultra-diffuse galaxies with colours and structural parameters in the Coma cluster. While
most UDGs lie along the red-sequence relation of the colour–magnitude diagram, ∼16 per
cent are outside (bluer or redder) the red-sequence region of Coma cluster galaxies. Our anal-
yses show that there is no special distinction in the basic photometric parameters between
UDGs and other LSB galaxies. We investigate the clustercentric colour distribution and find
a remarkable transition at a projected radius of ∼0.6 Mpc. Within this cluster core region and
relative to the red-sequence of galaxies, LSB galaxies are on average redder than co-spatial
higher surface brightness galaxies at the 2σ level, highlighting how vulnerable LSB galaxies
are to the physical processes at play in the dense central region of the cluster. The position
of the transition radius agrees with expectations from recent cosmological simulation of mas-
sive galaxy clusters within which ancient infalls are predicted to dominate the LSB galaxy
population.
Key words: galaxies: catalogues – galaxies: clusters: individual (Coma) – galaxies: photom-
etry – galaxies: fundamental parameters
1 INTRODUCTION
There has been a rekindling of interest in low surface brightness
(LSB) galaxies with the recent discovery of ultra-diffuse galax-
ies (UDGs) in the Coma cluster. UDGs are extended LSB galax-
ies with effective radii Re & 1.5 kpc, central surface brightnesses
µ(g, 0) & 24 mag arcsec−2, and exponential light profiles, i.e. Se´rsic
index, n∼1. The first 47 UDGs were catalogued by van Dokkum
et al. (2015), mostly outside the cluster core, using the remarkable
Dragonfly Telephoto Array (Abraham & van Dokkum 2014). Sev-
eral groups have since reported the discovery of more UDGs in the
Coma cluster (e.g., Koda et al. 2015; Yagi et al. 2016; Ruiz-Lara
et al. 2018a; Zaritsky et al. 2019; Chilingarian et al. 2019). To date,
∼30 Coma cluster UDGs have been spectroscopically confirmed as
? Email: aalabi@ucsc.edu
cluster members (Kadowaki et al. 2017; Alabi et al. 2018; Ruiz-
Lara et al. 2018a; Chilingarian et al. 2019).
While the debate about the true origin and nature of these enig-
matic galaxies still persists in the literature, we note that most of the
Coma cluster UDGs still lack colour information: a fundamental
diagnostic in understanding the formation and evolution of galax-
ies (Renzini 2006). This omission may be directly linked to the
fact that most of the UDG discoveries were made from analysis of
single-band photometry and that faint photometry is challenging.
Only 52 UDGs out of the 854 Coma cluster LSB galaxies in the
catalogue of Yagi et al. (2016) have B − R colour measurements,
and all within a ∼0.7 deg2 area1. The faint LSB galaxy catalogue
1 This is only ∼10 per cent of the area defined by the projected virial radius
of the Coma cluster, i.e. ∼2.9 Mpc (Kubo et al. 2007)
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of Adami et al. (2006) with B − R colour covers a similarly small
central ∼0.6 deg2 area within the Coma cluster. The recently pub-
lished SMUDGes catalogue (Zaritsky et al. 2019), which extends
beyond the virial radius of the Coma cluster, has colour measure-
ments available for only 43 UDGs from the Yagi et al. (2016) cata-
logue. The small sample size and limited radial coverage of Coma
cluster UDGs with known colours therefore makes a systematic
photometric study that is targeted at UDGs an urgent necessity.
While the environmental variation of galaxy colours with pro-
jected distance from the centre of the Coma cluster is well estab-
lished in the literature for bright galaxies (Terlevich et al. 2001;
Mahajan et al. 2011) and dwarf galaxies (Secker et al. 1997), the
situation for UDGs, and in general, LSB galaxies within the Coma
cluster, remains unclear. For example, Adami et al. (2006) did not
find any significant variation in colour with clustercentric radius in
their faint LSB galaxy sample, perhaps due to the radially limited
nature of their data. Terlevich et al. (2001) attributed the blueing
of mean galaxy colours with projected distance from the centre of
the Coma cluster to an age effect, i.e., the cluster core is domi-
nated by redder galaxies with older stellar ages, while the outskirts
region is dominated by bluer galaxies with younger stellar ages.
This is consistent with results from the spectroscopic studies of
Smith et al. (2009) and Smith et al. (2011), although Carter et al.
(2002) claimed that the environmental colour trends could also be a
metallicity effect. Smith et al. (2011) additionally showed that low
mass galaxies have steeper radial age trends compared to their more
massive counterparts. There are indications that UDGs (and by ex-
tension LSB galaxies) may have a similar clustercentric trends to
dwarf galaxies (Roma´n & Trujillo 2017; Alabi et al. 2018; Ferre´-
Mateu et al. 2018; Mancera Pia et al. 2019; Zaritsky et al. 2019;
Chilingarian et al. 2019) but the true behaviour within the Coma
cluster is still unknown due to the paucity of UDGs with optical
colour data.
Furthermore, while the vast majority of cluster UDGs are qui-
escent and lie on the red-sequence of the colour–magnitude relation
(Koda et al. 2015), a few UDGs with significant deviations from
the red-sequence –mostly bluewards– have been reported (Roma´n
& Trujillo 2017; Chilingarian et al. 2019; Zaritsky et al. 2019),
mostly in low density environments including the cluster outskirts
(Alabi et al. 2018). Adami et al. (2006) previously identified faint
LSB galaxies in the Coma cluster with colours redder or bluer than
the red-sequence galaxies. They interpreted these faint LSB galax-
ies as recent cluster infalls from less–dense environments where
they have been “pre-processed” to varying degrees (Zabludoff &
Mulchaey 1998). Identifying galaxies that are bluer or redder rela-
tive to the red-sequence region from coherent photometry is there-
fore useful in understanding the origin of present-day cluster LSB
galaxies.
In this work, we present a catalogue of galaxies within ∼4 deg2
of the Coma cluster. We probe the same region of the Coma cluster
as in the R-band LSB galaxy studies of Koda et al. (2015) and Yagi
et al. (2016), hitherto the most comprehensive works on Coma clus-
ter LSB galaxies, employing an additional V-band filter in order
to obtain colours and securely discriminate against contamination
from background galaxies. We present a description of our imaging
data in Section 2. We give details of our data analysis in Sections 3
and 4 including galaxy detection, galaxy modelling with GALFIT,
and removal of confirmed contaminants from our catalogue. We
present our Coma cluster colour–magnitude diagram in Section 5
and discuss the residual contamination in our final catalogue. Fi-
nally, we present our final catalogue and summarize our results in
Section 6.
Throughout this work, we adopt a distance of 100 Mpc, a
redshift of 0.023, a distance modulus of (m − M)0 = 35 (Carter
et al. 2008), a virial radius of ∼2.9 Mpc (Kubo et al. 2007), posi-
tion angle of 71.5 deg (Plionis 1994), and central co-ordinates RA:
12:59:48.75 and Dec: +27:58:50.9 (J2000) for the Coma cluster.
We also adopt the following cosmology: Ωm = 0.3, ΩΛ = 0.7 and,
H0 = 70 km s−1 Mpc−1.
2 DATA
We analyse the Coma cluster Subaru/Suprime-Cam (Miyazaki et al.
2002) V and R band imaging data previously reduced and published
in the weak-lensing study of Okabe et al. (2014). The imaging is
made up of a mosaic of 18 individual pointings with 2′ overlap be-
tween adjacent fields and a total sky coverage of ∼4 deg2. Details of
the exposure times and seeing per pointing can be found in Okabe
et al. (2014) alongside a summary of the data reduction process.
Average exposure time and seeing FWHM are 14 minutes & 1′′
and 26 minutes & 0.7′′, in the V and R-bands, respectively. We note
that our R-band imaging is slightly different from that used by Yagi
et al. (2016, hereafter Y16), where they included additional imag-
ing data with worse seeing in 4 pointings in their analysis. Figure 1
shows the mosaic of the 18 pointings and the overlapping regions
between them.
We used the publicly available code by Kelly et al. (2014) to
check and confirm the zero-point magnitudes originally used for
photometric calibration by Okabe et al. (2014) using bright stars
in common with the Sloan Digital Sky Survey (SDSS) catalogue
(Ahn et al. 2012). Our zero-points are similar to those obtained by
Okabe et al. (2014). We apply Galactic extinction corrections on
a per-pointing basis to the magnitude and surface brightness mea-
surements, using values from the dust extinction maps of Schlafly
& Finkbeiner (2011). This is because extinction variation from ob-
ject to object within the same pointing is very small compared to
the estimated photometric uncertainties (see Section 4.3 for more
details). The applied corrections vary from 0.021–0.033 mag and
0.017–0.026 mag in the V and R bands, respectively. We also ap-
plied “K-corrections” of 0.03 and 0.02 to V and R-band photometry,
respectively, determined using the K-corrections calculator (Chilin-
garian et al. 2010; Chilingarian & Zolotukhin 2012). All magni-
tudes hereafter are in the AB system, and are extinction and K–
corrected.
3 OBJECT DETECTION
We perform initial object detection on both V and R-band images
with SExtractor (Bertin & Arnouts 1996), adjusting the con-
figuration criteria to maximize the detection of galaxies from the
Coma cluster low surface brightness catalogue of Y16. We run
SExtractor in the “dual-image” mode, using the R-band imag-
ing for object detection and use the following criteria, similar to
that used in Y16, to identify galaxy candidates in our SExtractor
catalogue:
• non-zero SExtractor Petrosian RADIUS,
• SExtractor FWHM ≥ 5 pixels (∼ 0.5 kpc at the distance of
Coma cluster),
• SExtractor FLAG parameter < 4 (objects with defects such
as saturated pixels or truncated isophotes are excluded),
• SExtractor CLASS STAR parameter < 0.5 (objects with
CLASS STAR ∼ 1 are foreground stars),
MNRAS 000, 1–16 (2020)
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Figure 1. Mosaic of the 18 pointings used to observe the Coma cluster.
The final mosaic covers ∼4.2◦ region of the Coma cluster. Galaxy IDs in the
final catalogue are prefixed with the names of their originating pointing as
shown in the plot. Multiple galaxy detections from the overlapping regions
between adjacent pointings are used later in the text to quantify reliable
uncertainties on the modelled galaxy structural parameters. As a guide to
the physical scale, we show a circle with projected radius of 1 Mpc within
which we have marked the positions of the three cD galaxies: NGC 4889
(green square), NGC 4874 (red circle), and NGC 4839 (blue pentagon).
• R-band magnitude uncertainty < 0.2 (this corresponds to a
minimum signal-to-noise ratio (SNR) ∼ 5).
This initial list of criteria help to exclude spurious detections, fore-
ground stars, unresolved compact sources (globular clusters), and
some background galaxies from our catalogue, reducing the size
of our SExtractor source list by a factor of ∼ 4 to ∼ 200, 000
objects.
Next, we use the peak surface brightness – magnitude dia-
gram as a diagnostic to further remove contaminants from our sam-
ple of galaxy candidates. As shown in Figure 2, galaxies that be-
long to the Coma cluster tend to occupy a distinct region com-
pared to the fainter background galaxies. We compile and show
a sample of confirmed Coma cluster galaxies from the literature
which we match to our object catalogue. These galaxies vary from
giants to dwarf galaxies and are selected from the spectroscopic
studies of Mobasher et al. (2001), Edwards et al. (2002), Aguerri
et al. (2005), Smith et al. (2009), the NASA/IPAC Extragalactic
Database (NED)2 Coma cluster galaxy list, and SDSS. The com-
2 http://ned.ipac.caltech.edu/
Figure 2. Peak surface brightness–R-band magnitude diagram showing
Coma cluster galaxy candidates (brown dots) from our SExtractor analy-
sis. We also show spectroscopically confirmed Coma cluster galaxies from
various sources in the literature (magenta X’s). At any surface brightness,
likely Coma cluster galaxies have brighter apparent magnitudes. The in-
clined line shows the expected peak surface brightness for a galaxy with
Re ∼ 1.2′′ (the worst FWHM seeing in our imaging data equivalent to
∼ 0.6 kpc at the distance of Coma cluster), while the horizontal line is
our faint peak surface brightness limit (∼26.1 mag arcsec−2), defined us-
ing the low surface brightness catalogue of Yagi et al. (2016, Y16) (red
dots). Galaxy candidates with saturated central pixels around µmax,R ∼
18.1 mag arcsec−2are excluded from subsequent analysis. The magnitudes
shown here and hereafter have all been corrected for Galactic extinction and
are K-corrected.
pilation, however, contains only bright galaxies, i.e. R ≤ 19 mag,
which have been the traditional subjects of spectroscopic studies.
We extend this sample to fainter magnitudes (R ∼ 24 mag) by in-
cluding the LSB galaxies from Y16, which have been shown to
be mostly cluster members in various studies (e.g. Kadowaki et al.
2017; Alabi et al. 2018; Ruiz-Lara et al. 2018b; Chilingarian et al.
2019).
The inclined line shows the expected peak surface brightness
for a galaxy with Re ∼ 1.2′′ assuming an exponential profile, i.e.
Se´rsic index, n = 1, (the worst FWHM seeing in the V-band equiv-
alent to 0.6 kpc at the distance of the Coma Cluster) at various
magnitudes. We therefore exclude galaxy detections smaller than
this size-limit from subsequent analysis, since they are most likely
background sources, ultracompact dwarfs, or imaging defects such
as false detections in the halos of bright stars. Likewise, we use
the LSB catalogue of Y16 to define the faint surface brightness
limit of our catalogue. We adopt a peak surface brightness limit of
µmax,R ∼ 26.1 mag arcsec−2 which is equivalent to a mean effec-
tive surface brightness of 27.2 mag arcsec−2. We also exclude all
galaxy candidates (209) with saturated central pixels seen around
µmax,R ∼ 18.1 mag arcsec−2. With the application of these thresh-
olds, the size of our catalogue is now reduced to 27, 437 galaxies
which is better suited for subsequent GALFIT analysis, including
1, 305 galaxies detected in more than one pointing. Likewise, out
of the 854 LSB galaxies published in Y16, our catalogue contains
757 galaxies with detection in both bands, alongside 181 duplicate
detections. We later use these duplicate detections to estimate the
true uncertainties on the structural parameters of our galaxies.
MNRAS 000, 1–16 (2020)
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Figure 3. Variation in GALFIT V-band magnitude measurements in the
1, 305 galaxies with duplicate detections. We show the low surface bright-
ness galaxies from the catalogue of Y16 as red circles, while the remain-
ing cluster galaxies are shown as smaller brown circles. The correspond-
ing error-bars are the standard deviations determined in magnitude bins of
width ∆V = 2 mag and they increase up to a maximum of ∼ 0.5 at very
faint magnitudes.
4 GALAXY MODELLING WITH GALFIT
The projected intensity profile, I(R), of a galaxy can be described
with a Se´rsic function (Se´rsic 1968; Graham & Driver 2005) of the
form:
I(R) = Ie exp
−bn ( RRe
)1/n
− 1
 (1)
where Ie is the intensity at the effective radius Re which encloses
half the total galaxy luminosity, n is the Se´rsic index, also known as
the profile shape parameter, and bn is a complicated function of n.
Bright elliptical galaxies which are centrally concentrated typically
follow de Vaucouleurs profiles (de Vaucouleurs 1948, 1959) with
n ∼ 4, while the less centrally concentrated spiral disks and LSB
galaxies have exponential profiles with n ∼ 1.
To obtain the structural properties of all the galaxies in our
catalogue, we fit Se´rsic functions in both V and R bands indepen-
dently with GALFIT3 (Peng et al. 2010). We make postage-stamp
cutouts for each galaxy candidate using the positions and size esti-
mates from our initial SExtractor analysis as a basis. Each cutout
is centred on the central pixel coordinates from SExtractor with
dimensions set to 10 times the Re to allow for good sky estimation.
We then identify and mask out all bright sources within the frame
that do not belong to the target galaxy in an automated way. We
jointly fit for the position, magnitude, Re, n, axis ratio (q), and po-
sition angle (PA) of the target galaxy, as well as the sky background
value. Point-spread functions (PSF) used in the fitting process are
constructed for each pointing from a sample of bright, unsaturated
stars (on average, we use ∼ 50 stars per pointing), pre-selected from
Section 3.
4.1 Quality Control
In order to identify galaxies with reliable structural parameters, we
compare the formal uncertainties on the magnitudes obtained from
3 http://users.obs.carnegiescience.edu/peng/work/galfit
GALFIT with estimates of their systematic errors. We obtain these
systematic errors from the sample of galaxies with duplicate ob-
servations and require that for a good fit, the formal uncertainties
should be less than the systematic errors (Ha¨ussler et al. 2007).
This requirement implies that the uncertainties on the magnitude
measurements are never dominated by pixel noise.
Figure 3 shows how V-band magnitude measurements differ
in galaxies with duplicate detections. At fainter magnitudes and in
the LSB galaxies, where SNR is significantly reduced and galaxy
edges are difficult to identify, the differences between duplicate
measurements are significantly increased, reaching ∼0.5 mag. We
use the standard deviations of these distributions, i.e., σ∆V∼0.16;
σ∆R∼0.20, as limits in determining good and acceptable fits. This,
in addition to a visual examination of the fits, reduces the size of our
Coma cluster catalogue to 11, 496 galaxies. A visual examination
of all the discarded galaxy candidates reveal that most of them are
either spurious detections, typically, with extremely large n values
and smaller Re or faint sources in heavily crowded fields.
4.2 Correction to total magnitudes
Since the galaxy–background boundary is not as well-defined in
LSB galaxies compared to their HSB counterparts (e.g. Trujillo
et al. 2001; Adami et al. 2006; Ha¨ussler et al. 2007; Wittmann et al.
2017), we investigate how robust the total magnitudes from GALFIT
analysis are by also obtaining their curve-of-growth (COG) total
magnitudes. We fix the position, q, and PA to parameter values
from our previous GALFIT analysis and estimate the total magni-
tudes within consecutive isophotes, starting from 0.25Re, and mov-
ing outwards in steps of 3 pixels, i.e., 0.3 kpc, stopping when the
magnitude difference between successive isophotes is < 0.02 mag.
We exclude galaxies that have nearby neighbors within a radius of
7Re from this analysis.
This exercise shows that the total integrated magnitude from
GALFIT is systematically fainter than the asymptotic magnitude
from the COG analysis, with the corrections becoming significant
in both V and R bands, i.e., ≥ 0.2 mag, only when the mean galaxy
surface brightness is fainter than ∼24 mag arcsec−2. We show the
mean magnitude corrections as a function of mean effective sur-
face brightness in Figure 4 and fit linear functions which we apply
to total magnitudes from GALFIT analysis.
∆V = 0.037 × 〈µeff,V〉 − 0.67
∆R = 0.044 × 〈µeff,R〉 − 0.82
(2)
4.3 Estimation of true uncertainties on structural
parameters
As already mentioned in Section 4.1, the formal errors from
GALFIT are significantly lower than the systematic errors obtained
from duplicate detections, at least for the total magnitudes. The for-
mal uncertainties are based entirely on Poisson pixel noise and may
be unrealistic estimates in cases such as when the adopted model
does not adequately describe the galaxy light profile or when the
boundaries of galaxies are difficult to identify due to low SNR,
rapidly varying sky background, or crowding from nearby neigh-
bours.
Figure 5 shows how the deviations between repeat measure-
ments of model parameters for the same galaxies vary as a function
of mean surface brightness in both V and R-bands. We fit linear
MNRAS 000, 1–16 (2020)
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Figure 4. Mean offset between total magnitudes from GALFIT and asymp-
totic magnitudes from curve-of-growth analysis as a function of mean ef-
fective surface brightness for galaxies in our sample that are relatively iso-
lated. The magnitude correction factor increases as galaxies become fainter,
reaching a maximum of ∼0.4 mag at ∼27 mag arcsec−2, where the galaxy–
background boundaries become vague.
V R
Parameter α β α β
mag 0.137 −4.393 0.042 −2.11
Re 0.183 −5.603 0.096 −3.326
Se´rsic n 0.18 −5.178 0.129 −3.734
q 0.248 −4.318 0.085 −3.219
PA 0.299 −4.438 0.189 −3.831
Table 1. Summary of the coefficients used in eq. 3 to estimate the systematic
errors unaccounted for in the GALFIT analysis.
functions of the form
log σ = α × 〈µeff〉 + β (3)
to the distribution of the 68th percentile of the difference of each
model parameter in bins of mean surface brightness, with α and
β being the fit coefficients, respectively. The best-fitting α and β
coefficients are summarized in Table 1 and are used to compute σ
for any measured mean surface brightness. Our final adopted error
estimates, shown in Table 2, are obtained by adding σ in quadrature
to the GALFIT formal uncertainties.
4.4 Removal of spectroscopic contaminants from the Cluster
catalogue
As a final step in minimizing contaminants in our final catalogue,
we retrieve spectroscopically confirmed foreground stars and back-
ground galaxies (including quasi-stellar objects (QSO)) in the di-
rection of the Coma cluster from the literature. This compilation
comes mostly from SDSS and NED (266 foreground stars, 208
QSOs, and 1042 background galaxies) supplemented with 31 and
20 background galaxies from Adami et al. (2009) and Chibou-
cas et al. (2010), respectively. We also include 2 galaxies from
the Y16 LSB catalogue known to be background galaxies (Kad-
owaki et al. 2017; Alabi et al. 2018). This sample, which we com-
pare with our catalogue, is such that the foreground stars have
−300 ≤ Vlos [km s−1] ≤ 300, the QSOs Vlos ≥ 30000 km s−1,
while the background galaxies have Vlos ≥ 11000 km s−1, all with
photometric V-band magnitudes ranging from 14.5 to 22. While
our catalogue is devoid of all the foreground spectroscopic stars,
we find a QSO4 with 17.4 V–band magnitude as well as 251 back-
ground galaxies in our catalogue as shown in Figure 6. Half of these
spectroscopic background galaxies were catalogued as Coma clus-
ter galaxy candidates in Godwin et al. (1983). Appendix A contains
an extensive comparison of our structural parameters with the liter-
ature after removing all the known contaminants.
5 COLOUR–MAGNITUDE DIAGRAM
We show the colour–magnitude diagram (CMD) of all galaxies
with detections in both V and R-bands in Figure 6. The V − R
colours shown here (and used in all subsequent analyses) are from
the SExtractor dual-image mode analysis described in Section 3.
We measure the colours within matched apertures based on 2.5 ×
the Kron radius (Kron 1980) parameter determined from the R-
band imaging rather than from the V and R total magnitudes. We
note that these matched aperture colours are generally 0.2−0.3 mag
redder than colours obtained from the total magnitudes. The black
solid line, obtained from a linear fit to the bright (13 ≤ V [mag] ≤
18) and spectroscopically confirmed Coma cluster galaxies in our
catalogue, highlights the red-sequence of galaxies. We extrapolate
the red-sequence to fainter magnitudes and show in Figure 6 that
the faint LSB galaxies from the Y16 are mostly consistent with
the red-sequence, in agreement with a previous result from Koda
et al. (2015). The 1σ intrinsic scatter around the red-sequence was
obtained in magnitude bins with width 2 mag and is shown as
dashed lines in Figure 6. The scatter increases from ∼0.06 mag
at V = 15 mag to ∼0.28 mag for the faintest LSB galaxies. For
subsequent analyses and discussion, we define three regions in our
CMD: galaxies with colours within the limits defined by the 1σ
scatter around the best-fit line to red-sequence galaxies (RSG);
galaxies with colours redder than the 1σ limit (>RSG), i.e. red-
der than the average RSG; and galaxies with colors bluer than the
1σ limit (<RSG), i.e. bluer than the average RSG.
In the context of cluster photometry, the red-sequence is nor-
mally expected to be populated by quiescent galaxies that are bound
to the host cluster. However, our analysis in Section 4.4 shows that
∼10 per cent of the RSG with magnitudes brighter than V∼19 mag
do not belong to the Coma cluster. These bright background galax-
ies which have redshifts z∼0.2 are known in the literature to be
notoriously difficult to isolate with photometry only (Adami et al.
2006, 2009; Mahajan et al. 2011). As earlier mentioned, we have
excluded these background galaxies from our catalogue and are left
with 1, 564 cluster galaxies with V < 19 mag. At fainter apparent
magnitudes, i.e., 19 ≤ V [mag] ≤ 22, spectroscopic background
galaxies in the direction of the Coma cluster from the literature
have elevated redshifts z ≥ 0.3 and are almost exclusively >RSG.
A careful examination of these fainter background galaxies reveal
that they generally have Se´rsic index, n > 2. We assume that all
other faint >RSG galaxies with n > 2 are background galaxies and
therefore exclude them from our catalogue. This brings the number
4 This QSO is SDSS J125712.28+280543.3 at z = 1.29 with V-band
Re∼5.4′′.
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Figure 5. Variation of the structural parameters obtained from GALFIT modelling of galaxies with duplicate detections. We show on the x-axis V and R-band
mean surface brightness within the effective radius (left-hand panels and right-hand panels, respectively) and on the y-axis, magnitude, effective radius, Se´rsic
index, and axial ratio. The dashed lines are fits to the 68th percentile of the corresponding ordinate parameter (in log) and are used to estimate the true model
uncertainties as described in the text.
of remaining galaxies in our catalogue to 9, 179, with 64, 27, and 9
per cent being RSG, >RSG, and <RSG, respectively.
5.1 Control field
It should be noted that the spectroscopic sample used to isolate
background galaxy contaminants is limited to high surface bright-
ness galaxies, and as we have already shown, the red-sequence and
surface brightness–magnitude diagnostics are both inadequate for
weeding out all background galaxies. We therefore seek to know,
statistically, the residual contamination level in our final catalogue.
To this end, we analyse the V and R band observation of the Sub-
aru Deep Field (SDF; Kashikawa et al. 2004) as a control field.
The SDF is at a similar Galactic latitude as the Coma cluster and
was observed under similar photometric conditions (FWHM seeing
∼0.98′′). It has similar field-of-view and limiting surface bright-
ness as each of our Coma pointings, although it reaches a limiting
magnitude that is ∼1.5 mag deeper than our Coma imaging data.
Applying the same galaxy detection and quality control constraints
(Sections 3 & 5) to the control field and assuming that it is repre-
sentative of our Coma fields, we expect 2, 840 background galaxies
within our combined Coma fields, mostly at fainter magnitudes,
i.e., V∼22 mag, and redder colours, i.e., V − R∼0.7, as shown in
Figure 7.
Our control field analysis suggests that a minimum contamina-
tion level of ∼0.02 per cent is realised in our photometric catalogue
below the red-sequence (<RSG). Along the red-sequence, i.e. in
the RSG group, the residual contamination is ∼20 per cent, mostly
MNRAS 000, 1–16 (2020)
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Figure 6. Colour–magnitude diagram of Coma cluster galaxies (brown circles) detected and analysed in this work. Galaxies from the low surface brightness
catalogue of Y16, which mostly belong to the Coma cluster, are shown as red circles. Spectroscopically confirmed background galaxies in the direction of
Coma cluster from the literature (filled squares) have been colour-coded by their redshifts. Also shown is a spectroscopically confirmed background quasi-
stellar object (star marker with red edges, colour-coded by its redshift). We overlay the red-sequence (black solid line) obtained by a linear fit to the bright,
spectroscopically confirmed cluster galaxies, extrapolated to faint magnitudes. We also show the 1σ intrinsic scatter (black, dashed lines) around the red-
sequence. The intrinsic scatter increases from ∼0.06 mag at V = 15 mag to ∼0.28 mag for the faintest LSB galaxies. Most of the low surface brightness
galaxies from Y16 have colours consistent with the red-sequence and fall within the limits of the 1σ intrinsic scatter.
Figure 7. Histograms of colour–magnitude distribution of galaxies in the direction of the Coma cluster (Left panel), and in a control field – the Subaru Deep
Field (Middle Panel), overlaid with the red-sequence of known Coma cluster galaxies. The solid and dashed black lines in all the panels are the same as
in Figure 6. The background contaminants are mostly faint galaxies with V∼22.5 mag and have very red colours V − R∼0.7. We summarize the number of
galaxy candidates on and off the red-sequence in the left panel and the corresponding contamination levels in the middle panel. The Right Panel shows the
colour–magnitude distribution of the remaining 6, 891 Coma cluster galaxies after statistically correcting for the background contaminants. The colour-bar is
the number density of the galaxies.
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among the fainter (V > 19 mag) LSB galaxies. Above the red-
sequence (>RSG), the residual contamination level is very high,
reaching ∼60 per cent. We summarize the residual contamination
levels along and off the red-sequence in Figure 7 and note that
the total number of Coma cluster galaxies in our catalogue drops
to 6, 891 galaxies after applying the statistical background-galaxy
correction.
6 SUMMARY OF RESULTS
From our analysis thus far, we have obtained structural parameters
(total magnitudes, Re, n, q, and PA in both V and R-bands) in 9, 179
galaxies in the direction of the Coma cluster. We show an example
in Table 2 and make the complete catalogue available online. Due to
the depth of our imaging data, we also identified 233 galaxies with
faint, tidal features such as plumes, shells, rings, etc (see Figure 8).
These features are the telltale signatures of the hierarchical nature
of structure formation in the Universe. Table 2 contains a summary
of galaxies with such tidal features.
As an example to highlight the wide range of galaxies in our
catalogue, we show a 120 kpc × 120 kpc field near NGC 4911 in
Figure 8. This field contains galaxies ranging from the giant spi-
ral galaxy (NGC 4911) to the ultra-diffuse galaxy (Y48), as well
as several dwarf galaxies. In addition, the field also contains a dis-
rupting galaxy (COMA 11 4120), which as far as we know has not
been previously catalogued in the literature.
Figure 9 shows the size–magnitude distribution of the Coma
cluster galaxies. As expected, galaxy sizes correlate with their lu-
minosities. In the V-band, we detect galaxies with mean surface
brightness within the effective radius, 〈µeff,V〉, ranging from 20 to
27.5 mag arcsec−2, effective radius, Re, from ∼0.6 to ∼15 kpc, and
apparent magnitudes from 12 to 24 mag. We therefore span a region
of parameter space that contains a diversity of galaxies suitable for
a systematic exploration of the Coma cluster. As shown in both
panels of Figure 9, our catalogue contains a large sample of low
surface brightness galaxies (〈µeff,V〉 ≥ 24 mag arcsec−2) with small
sizes (Re ≤ 1 kpc) structurally similar to some Local Group dwarf
galaxies. Our catalogue also contains galaxies with intermediate
surface brightness 22 ≤ 〈µeff,V〉 ≤ 24.5 and Re ≥ 2.5 kpc, a region
of the parameter space relatively unexplored and often misunder-
stood as being devoid of galaxies (compare our Figure 9 with fig. 4
from Koda et al. 2015). This confirms the previous result from the
Danieli & van Dokkum (2019) where they also reported that this
region is filled although their sample is incomplete below ∼2 kpc.
We split our final catalogue into high surface brightness
(HSB), intermediate surface brightness (ISB), and LSB galaxies us-
ing the following mean surface brightness limits – HSB: 〈µeff,V〉 <
23 mag arcsec−2; ISB: 23 ≥ 〈µeff,V〉 < 24.5 mag arcsec−2; and LSB:
〈µeff,V〉 ≥ 24.5 mag arcsec−2. These limits, which are in line with
the categorization scheme used in Martin et al. (2019), are simply
for convenience and we do not ascribe any particular astrophysi-
cal meaning to them. The bright limit of the LSB category is con-
sistent with the LSB limit used in Y16 catalogue. Our catalogue
contains 2, 290 HSB, 3, 833 ISB, and 3, 056 LSB galaxies as de-
fined above. This implies a factor of 3 increase in the number of
LSB galaxies in the Coma cluster relative to the Y16 catalogue af-
ter accounting for background galaxy contamination. We show the
distributions of the structural parameters in the 3 surface brightness
categories in Figure 10 and note that regardless of surface bright-
ness, the most likely galaxy in our catalogue has V-band magni-
tude ∼21 mag, Re∼0.8 kpc, n∼1, q∼0.8, and is most likely aligned
along the PA of the cluster, i.e. ∼71 deg (Plionis 1994). The second
subpanel shows that there is no obvious discontinuity in the sizes
of the LSB galaxy subpopulation at 1.5 kpc that would mark UDGs
as a distinct galaxy population.
Lastly, we note that Forbes et al. (2020) used V − R colours
from this work, which were based on the difference between the
total V and total R magnitudes, to explore the possible trends of
globular cluster specific frequency with host UDG colour. Here, we
have we used a different approach to calculate the V − R colours of
UDGs using colours from matched apertures as discussed in Sec-
tion 5. This results in a similar specific frequency vs UDG colour
trend to that found by Forbes et al. (2020).
6.1 New ultra-diffuse galaxies in the Coma cluster
Having established that our catalogue is rich in LSB galaxies, we
immediately conduct a further search for new ultra-diffuse galax-
ies within the outlined UDG region shown in Figure 9. This region
contains 110 galaxies after excluding all the UDGs already iden-
tified in the literature, but only 29 satisfy all the commonly used
UDG criteria, i.e. Re ≥ 1.5 kpc; mean surface brightness within
Re, 〈µeff,V〉 ≥ 24.5 mag arcsec−2 (combining criterion 6 from Y16
and using the mean UDG colour V − R∼0.5); and 〈µeff,V〉 − µeff,V ≤
0.8 (see criterion 7 in Y16) where µeff,V is the surface brightness
at Re. We note that this last condition limits the sample of accept-
able UDGs to those with Se´rsic index, n ≤ 1.25, i.e. exponential
light profiles. Two factors may be responsible for these new detec-
tions: our data while covering the same sky area as that used in
Y16 had better seeing, and we have applied the detection methods
originally introduced in Y16 to multi-band data, making our mea-
surements more reliable. We show these newly discovered UDGs
in Figure 11 and present their structural parameters in Table 3. Out
of these newly catalogued UDGs, 23 lie along the red-sequence of
Coma cluster galaxies, i.e. they are RSG as discussed in Section 5,
with the remaining 2 having colours redder than the red-sequence
region.
6.2 Environmental trends in clustercentric colour
distribution
We now revisit the issue of environmental colour trends in the
Coma cluster with emphasis on the LSB galaxies in our photomet-
ric catalogue. To recap, our catalogue contains 3, 056 LSB galaxies,
most of which are along the red-sequence with 154 and 631 galax-
ies bluer and redder than the red-sequence region of the colour–
magnitude diagram, respectively, as defined in Section 5. Our con-
trol field analysis in Section 5.1 already shows that we can ex-
pect very little background galaxy contamination in the subsample
that is bluer than the red-sequence, and up to ∼60 per cent con-
tamination in the LSB galaxy subsample that is redder than the
red-sequence. Along the red-sequence, the maximum background
galaxy contamination level is ∼20 per cent.
Galaxy clusters such as Coma are well known to show a de-
creasing colour gradient with projected clustercentric distance (Ter-
levich et al. 2001), which is believed to be directly linked to a
corresponding age gradient (Smith et al. 2009; Smith et al. 2011).
The densest region of the cluster is observed to be dominated by
redder galaxies while bluer galaxies dominate the less dense out-
skirt regions. Within the Coma cluster, the correlation of galaxy
colours with their local environment has been previously observed
in dwarf galaxies (Secker et al. 1997), although Adami et al. (2006)
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Figure 8. An example of the wide range of galaxies with structural parameters present in our final catalogue. We show the V-band Subaru/Suprime-Cam
imaging of a field at ∼0.6 Mpc from the centre of the Coma cluster with dimensions 120 kpc × 120 kpc. The galaxies in our final catalogue are marked with
white 1Re isophotes. This field contains the giant spiral galaxy, NGC 4911, several dwarf galaxies, and the ultra-diffuse galaxy, Y48 (COMA 12 3561). It also
includes a faint, disrupting galaxy (COMA 11 4120) that is ∼75 kpc away from the NGC 4911–NGC 4911A interacting pair. North is up and East is left.
Figure 9. Left panel: Size–magnitude distribution of Coma cluster galaxies. The brown circles are the 9, 179 galaxies successfully modeled with a single
Se´rsic function as described in the text. The dashed lines correspond to constant mean effective surface brightness. We detect Coma cluster galaxies as small
as ∼0.6 kpc and with mean surface brightness within the effective radius as faint as ∼27.5 mag arcsec−2. For context, we show the regions where the low
surface brightness galaxies in the catalogue of Yagi et al. (2016) may be found (red parallelogram), as well as that of the ultra-diffuse galaxies (black, dashed
parallelogram). We also show and label some Local Group dwarf galaxies (black crosses) from the compilation of McConnachie (2012) that would fall within
our detection limits, assuming they were observed at the distance of the Coma cluster. These are the dwarf irregular galaxy Wolf-Lundmark-Melotte (WLM),
the Fornax dwarf spheroidal galaxy and the dwarf elliptical galaxy NGC 205. Right panel: Mean surface brightness within the effective radius of Coma cluster
galaxies versus their V-band apparent magnitudes. The dashed lines correspond to constant effective radius. The outlines and the black crosses are the same as
shown in the left panel.
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Figure 10. Distribution of the structural parameters from V-band GALFIT analysis of Coma cluster galaxies in bins of high (HSB), intermediate (ISB), and
low (LSB) mean surface brightness, as defined in the text. Top panels show the distributions of the V-band magnitudes, physical sizes, Se´rsic indices while the
bottom panels show the axial ratios and the folded position angles of Coma cluster galaxies, respectively. Within the size and surface brightness limits of our
catalogue, the most likely Coma cluster galaxy has V∼21 mag, Re∼0.8 kpc, n∼1, and q∼0.8. The solid vertical line in the second subpanel is the fiducial size
limit for UDGs. There is no obvious discontinuity at this size limit that would mark UDGs as a distinct galaxy subpopulation. In the position angle subpanel,
we have highlighted the major-axis of the cluster with the black line and also show the PA of NGC 4874, the central cD galaxy, with the gray line. We note
that there is a remarkable drop in the number of galaxies with PA∼120◦ in all surface brightness bins.
reported no radial trends in their sample of faint LSB galaxies. Al-
abi et al. (2018), however, found hints that UDGs within the cluster
core may be redder than those in the cluster outskirts, although the
analysis was severely limited by incomplete and inhomogeneously
sourced colour data. More generally, LSB galaxies are expected
to have formed their stars rapidly at earlier epochs (Martin et al.
2019) while those observed in dense environments may have expe-
rienced enhanced star-formation quenching via ram-pressure strip-
ping and tidal puffing-up effects from their host clusters (Moore
et al. 1996; Johansson et al. 2009). Imprints of such physical pro-
cesses are expected to be seen in the radial distribution of the galaxy
colours (Jiang et al. 2019). Sales et al. (2020) recently used the Il-
lustrisTNG cosmological simulations to show that UDGs that were
accreted early into present–day massive clusters (∼1014M) are
found mostly within the cluster cores while those accreted more
recently from the field environments dominate in the cluster out-
skirts.
Figure 12 shows how the mean residual V − R colour dis-
tribution with respect to the best-fit red-sequence line varies with
projected clustercentric radii out to the cluster virial radius, i.e.
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Figure 11. V-band Subaru/Suprime-Cam thumbnails of the 29 newly discovered Coma cluster ultra-diffuse galaxies. These UDGs have a typical Re∼2 kpc
and 〈µeff,V〉∼25 mag arcsec−2. Each thumbnail is 10 × 10 kpc across. North is up and East is to the left.
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Figure 12. Mean residual V −R colours of Coma cluster galaxies after subtracting off the global red-sequence fit versus the projected clustercentric radius. We
show results for the high (HSB), intermediate (ISB), and low (LSB) surface brightness galaxies, using the limits discussed in the text. Ultra-diffuse galaxies
(UDG) which are represented by the solid red line have similar mean residual colour trends as the LSB galaxies out to the virial radius of the Coma cluster
(∼2.9 Mpc). We do not include galaxies that are redder than the 1σ scatter around the best-fit red-sequence line in this plot due to their high background
contamination rate. The dashed horizontal line corresponds to galaxies with mean colours consistent with the red-sequence and it is shown to guide the eye.
LSB galaxies within the cluster core have redder mean residual colours relative to the red-sequence relation at the 2σ level and they show a more dramatic
transition at ∼0.6 Mpc compared to galaxies with higher surface brightness, beyond which their mean residual colour flattens out, before rising in the cluster
outskirts.
∼2.9 Mpc (Kubo et al. 2007). We have excluded all galaxies
that are redder than the 1σ scatter around the best-fit line of the
red-sequence without spectroscopic confirmation as Coma cluster
members in estimating the mean colour residuals. This is due to
their high background galaxy contamination rate. Relative to the
red-sequence, LSB galaxies (and UDGs) have redder mean colours
compared to ISB and HSB galaxies within the cluster core. They
have a mean residual colour that is 0.034 ± 0.014 mag redder com-
pared to higher surface brightness galaxies. This result, which is
significant at the 2σ level, suggests that LSB galaxies are most
vulnerable to the severe star-formation quenching effects of the
cluster-core environment. Outside the cluster-core, the mean resid-
ual colour trends are similar out to ∼1.8 Mpc for the various surface
brightness subsamples. The high mean residual colour at larger pro-
jected clustercentric radii, which is more evident in the LSB galax-
ies, can be attributed to an increase in the contribution from the
redder, fainter background contamination galaxies to our final cat-
alogue (see Section 5.1).
There is a noticeable transition at ∼0.6 Mpc (∼0.3R200), which
is more pronounced in the LSB galaxies, already hinted at in Al-
abi et al. (2018). This transition radius corresponds to the projected
radius within which UDGs that formed from cluster tidal effects
dominate the UDG clustercentric number density profile in the cos-
mological simulations of Sales et al. (2020, see their fig. 7). The ob-
served transition radius (∼0.6 Mpc) is similar to the the projected
scale radius (rs∼27′ or ∼0.8 Mpc at the distance of the Coma clus-
ter) of the Coma cluster dark matter halo (Okabe et al. 2014). Sim-
ilar transition radii have been observed in the Virgo cluster (Chung
et al. 2009) and more recently in galaxy clusters in the SAMI
Galaxy Survey (Owers et al. 2019). In both studies, the transition
radius, although inferred from different parameters, was linked to
environmental quenching effects which is most pronounced in the
the cluster cores. For example, spiral galaxies within ∼0.5 Mpc
(∼0.3R200) from the centre of Virgo cluster have HI disks that are
smaller than their stellar disks, while in the SAMI Galaxy Survey,
galaxies with strong Balmer absorption features but no recent star-
formation episodes, were found exclusively within ∼0.6R200 of the
cluster centres.
7 CONCLUSION
In this work, we have obtained structural parameters simultane-
ously in V and R-bands for 9, 179 galaxies within an area of ∼4 deg2
in the Coma cluster using Subaru/Subprime-Cam data. Importantly,
we have coherently obtained the V − R colours of the ultra-diffuse
galaxies in the Coma cluster, and in the more general class of low
surface brightness galaxies, out to ∼2.6 Mpc from the centre of the
cluster. Our catalogue contains galaxies with magnitudes as faint
as V∼24 mag, effective radius, Re, as small as ∼0.6 kpc, and mean
effective surface brightness within effective radius, 〈µeff,V〉, as low
as ∼27.5 mag arcsec−2.
Our catalogue contains an unprecedented 3, 056 LSB galax-
ies in the direction of Coma cluster with mean effective surface
brightness fainter than 24 mag arcsec−2 in the V-band. Out of these
Coma cluster LSB galaxies, we found 29 new UDGs, previously
uncatalogued in the literature. In addition, we identified galaxies
with faint tidal features within the Coma cluster. We make this cat-
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alogue publicly available. We have confirmed earlier results that
most Coma cluster UDGs lie along the red-sequence of the colour–
magnitude relation, but we found subpopulations of UDGs outside
the red-sequence region.
We also investigated clustercentric trends in galaxy colours in
order to understand how the locally varying environment within
the cluster affects the LSB galaxies compared to co-spatial higher
surface brightness galaxies within the Coma cluster. We obtained
the important result of a cluster transition radius at projected radius
∼0.6 Mpc, within which the LSB galaxies are on average redder
than galaxies with higher surface brightnesses at the 2σ level. This
transition radius is similar to the region reported by Sales et al.
(2020) based on the IllustrisTNG cosmological simulation of mas-
sive clusters of galaxies within which ancient infalls dominate the
UDG population.
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Low surface brightness galaxies in the Coma cluster 15
ID RA Dec V ReV 〈µeff,V〉 nV qV PAV V − R
[Degree] [Degree] [mag] [kpc] [mag arcsec−2] [deg] [mag]
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10)
COMA 14 1859 195.21524 28.871029 19.21 ± 0.16 2.41 ± 0.21 24.69 ± 0.25 0.51 ± 0.47 0.95 ± 0.13 74 0.52
COMA 23 2058 194.72876 28.65372 19.32 ± 0.16 2.3 ± 0.21 24.7 ± 0.25 0.32 ± 0.47 0.36 ± 0.13 156 0.47
COMA 30 2126 194.51813 27.056221 19.36 ± 0.15 2.1 ± 0.2 24.54 ± 0.26 1.11 ± 0.46 1.0 ± 0.13 83 0.46
COMA 33 2937 194.4494 28.542898 19.79 ± 0.17 2.03 ± 0.22 24.9 ± 0.29 1.24 ± 0.5 0.94 ± 0.14 15 0.44
COMA 14 3083 195.15186 28.930553 19.87 ± 0.17 1.91 ± 0.21 24.84 ± 0.29 1.05 ± 0.49 0.71 ± 0.13 179 0.47
COMA 32 3240 194.50377 27.88233 19.95 ± 0.18 2.08 ± 0.22 25.11 ± 0.3 0.95 ± 0.52 0.91 ± 0.14 56 0.39
COMA 12 3266 195.17593 28.164309 19.96 ± 0.17 1.84 ± 0.21 24.85 ± 0.3 1.21 ± 0.49 0.84 ± 0.13 21 0.45
COMA 42 3597 193.80339 27.786472 20.1 ± 0.16 1.62 ± 0.21 24.71 ± 0.32 1.01 ± 0.48 0.76 ± 0.13 92 0.46
COMA 41 3676 193.95773 27.398582 20.13 ± 0.19 2.04 ± 0.23 25.25 ± 0.31 1.13 ± 0.54 0.99 ± 0.14 80 0.36
COMA 24 3717 194.97047 28.7967 20.15 ± 0.15 1.5 ± 0.21 24.6 ± 0.34 1.02 ± 0.46 0.7 ± 0.13 88 0.5
COMA 31 3861 194.49976 27.619015 20.21 ± 0.17 1.74 ± 0.22 24.98 ± 0.32 1.08 ± 0.5 0.99 ± 0.14 120 0.46
COMA 32 3906 194.32854 28.154984 20.23 ± 0.16 1.53 ± 0.21 24.72 ± 0.34 1.0 ± 0.48 0.81 ± 0.13 63 0.38
COMA 30 3930 194.60199 26.745077 20.24 ± 0.16 1.58 ± 0.21 24.81 ± 0.34 0.86 ± 0.49 0.9 ± 0.13 12 0.55
COMA 22 4042 194.72652 28.08718 20.29 ± 0.17 1.64 ± 0.22 24.93 ± 0.34 0.84 ± 0.5 0.92 ± 0.14 157 0.48
COMA 12 4296 195.2982 28.145302 20.41 ± 0.22 2.11 ± 0.24 25.6 ± 0.33 1.04 ± 0.58 0.71 ± 0.15 47 0.46
COMA 22 4410 195.06532 28.029459 20.45 ± 0.17 1.5 ± 0.22 24.9 ± 0.36 1.08 ± 0.5 0.69 ± 0.14 37 0.54
COMA 34 4521 194.25638 28.87275 20.5 ± 0.18 1.58 ± 0.22 25.06 ± 0.35 0.85 ± 0.51 0.75 ± 0.14 36 1.18
COMA 32 4544 194.46745 28.105352 20.51 ± 0.18 1.58 ± 0.22 25.07 ± 0.35 0.83 ± 0.52 0.92 ± 0.14 70 0.33
COMA 41 4570 193.86931 27.684788 20.52 ± 0.18 1.55 ± 0.22 25.05 ± 0.36 0.75 ± 0.51 0.62 ± 0.14 158 0.41
COMA 22 4600 194.71304 28.13771 20.54 ± 0.18 1.58 ± 0.22 25.1 ± 0.36 0.63 ± 0.52 0.84 ± 0.14 72 0.52
COMA 30 4629 194.23543 27.045115 20.55 ± 0.17 1.48 ± 0.22 24.96 ± 0.36 0.76 ± 0.5 0.99 ± 0.14 60 0.64
COMA 22 4735 194.77484 27.97042 20.6 ± 0.18 1.56 ± 0.22 25.13 ± 0.36 0.29 ± 0.52 0.46 ± 0.14 21 0.55
COMA 22 5227 194.9666 27.82323 20.79 ± 0.21 1.71 ± 0.24 25.52 ± 0.37 0.44 ± 0.57 0.33 ± 0.14 42 0.71
COMA 31 5314 194.59314 27.38581 20.82 ± 0.2 1.53 ± 0.23 25.31 ± 0.38 0.78 ± 0.54 0.76 ± 0.14 100 0.45
COMA 12 5647 195.48859 28.138306 20.95 ± 0.22 1.73 ± 0.25 25.71 ± 0.38 1.03 ± 0.6 0.95 ± 0.15 161 0.53
COMA 23 5706 194.8023 28.353645 20.97 ± 0.23 1.8 ± 0.25 25.82 ± 0.38 1.06 ± 0.61 0.99 ± 0.15 39 0.29
COMA 13 6651 195.3371 28.539967 21.34 ± 0.25 1.7 ± 0.26 26.05 ± 0.42 0.7 ± 0.64 0.77 ± 0.16 46 0.4
COMA 32 6911 194.60907 27.867151 21.45 ± 0.25 1.55 ± 0.26 25.96 ± 0.44 1.01 ± 0.63 0.98 ± 0.15 122 0.28
COMA 22 6931 194.78117 28.13321 21.46 ± 0.27 1.73 ± 0.27 26.21 ± 0.43 1.02 ± 0.67 0.81 ± 0.16 133 0.5
Table 3. Newly discovered ultra-diffuse galaxies in the Coma cluster catalogued here for convenience. Columns are the same as in Table 2 although we only
show parameters from the V-band.
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APPENDIX A: COMPARISON WITH THE LITERATURE
In this appendix we compare results from our GALFIT analysis
with results from the literature, starting with total magnitudes.
The Coma cluster has been well-studied in both V and R bands
to various photometric depths and azimuthal coverage (e.g. Ter-
levich et al. 2001; Mobasher et al. 2001; Adami et al. 2006; Eisen-
hardt et al. 2007; Yagi et al. 2016, etc.), mostly with SExtractor
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analysis and in the Vega magnitude system. We apply an average
correction of ∼ 0.3 to account for the systematic offset between
magnitude estimates from SExtractor analysis and GALFIT 2D–
decomposition (e.g. Ha¨ussler et al. 2007; van der Wel et al. 2013,
etc) and apply the appropriate corrections between the Vega and AB
magnitude systems: RAB = RVEGA + 0.21 and VAB = VVEGA + 0.02
(Blanton & Roweis 2007). We also include recent results from the
F606W HST study by Lim et al. (2018) where a handful of Coma
cluster galaxies were analysed with GALFIT. Figure A1 shows how
our total magnitude measurements compare with several studies
from the literature (all in AB magnitude system) over ∼ 12 magni-
tudes in both V and R bands.
We also compare our measured effective radius Re (Fig-
ure A2), Se´rsic index n (Figure A3), axial ratio q (Figure A4), and
position angle PA (Figure A5) with results from various literature
sources including Gutie´rrez et al. (2004); Hoyos et al. (2011); Yagi
et al. (2016); Lim et al. (2018); Zaritsky et al. (2019). Generally,
our measured galaxy structural parameters show good agreement
with previous works from the literature bearing in mind the vari-
ous set of assumptions5 and the different nature of the data we have
compared with6
This paper has been typeset from a TEX/LATEX file prepared by the author.
5 For example, some authors fixed n = 1 in their GALFIT analysis and have
adopted various methods in dealing with the background sky, both factors
which affect the values of the modelled parameters significantly.
6 Our comparison dataset include ground-based and HST data in several
photometric bands with varying resolutions.
Figure A1. Comparison of total magnitudes from our GALFIT analysis
in V and R-bands (left and right panels, respectively) with measurements
from Mobasher et al. (2001, M01), Terlevich et al. (2001, T01), Adami
et al. (2006, A06), Eisenhardt et al. (2007, E07), Yagi et al. (2016, Y16),
and Lim et al. (2018, Lim18). There is a very good agreement between
our measurements and the literature over ∼ 12 magnitudes. Note that we
report systematically brighter magnitudes for faint, low surface brightness
galaxies due to the magnitude correction we applied as discussed in the text.
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Figure A2. Comparison of galaxy sizes, Re, with previous results from the
literature as shown in the plot legend Gutie´rrez et al. (2004, G04), Hoyos
et al. (2011, H11), Yagi et al. (2016, Y16), Lim et al. (2018, Lim18), and
Zaritsky et al. (2019, Z19).
Figure A3. Same as in Figure A2 but showing galaxy Se´rsic index, n.
Figure A4. Same as in Figure A2 but showing galaxy axial ratios, q.
Figure A5. Same as in Figure A2 but showing galaxy position angles, PA.
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